Medicinal plants have been shown to have tremendous potential for the development of new drug molecules for various serious diseases. Piper nigrum L. (Piperaceae) is a well-known spice considered to be the "The King of Spices" among various spices. The phytochemicals isolated from P. nigrum L. are potent biological agents with anticancer properties. Our study was designed to evaluate the cytotoxic activities of chemical compounds from the dried fruits of P. nigrum L. Sixteen known compounds (1−16), including fifteen alkaloids, were isolated and identified. Compounds 10, 11, 12, 13, 14, and 15 exhibited cytotoxic activities against a human cervical cancer cell line, Hela, with IC 50 values of 49.8, 40.4, 23.1, 22.1, 41.0, and 26.9 Many plant-derived products have been found to play important roles in the treatment of various diseases. The natural course of cancer, a neoplastic disease, is often fatal. Cancer cells exhibit the properties of invasion and metastasis, and are highly anaplastic [1a]. Black pepper (P. nigrum L., family Piperaceae) is widely used in folk medicine. P. nigrum can be used not only to relieve digestive system symptoms such as diabetic, diarrhea and indigestion, but also for the treatment of respiratory system problems such as colds, fevers, and asthma [1b-d]. Anticancer bioactivities of black pepper can be attributed to a wide spectrum bioactivities. Many researchers investigated the anticancer bioactivities of pure compounds from P. nigrum, especially piperine [1e-g]. Piperine, the major chemical constituent of P. nigrum, showed anticancer properties in lung cancer, where it suppressed the expression and secretion of matrix metalloproteinase 9 (MMP 9), decreasing the activation of nuclear factor κB (NF-κB) and activator protein 1 (AP-1) transcription factors NF-κB and AP-1 leading to inhibition of invasion and metastasis of HT-1080 cell [1h-j]. Pellitorine showed strong cytotoxic activities against the human promyelocytic leukemia cell line, HL-60, and the breast cancer cell line, MCF-7, with IC 50 values of 13.0 and 1.8 µM, respectively [1k]. Chabamide could inhibit proliferation and induce cell death by activating both apoptosis and autophagy in K562 human leukemia cells [1l]. Encouraging results from all these studies prompted us to investigate the cytotoxic activities of isolated compounds from P. nigrum in the Hela, HL-60, and MCF-7 cancer cell lines.
Many plant-derived products have been found to play important roles in the treatment of various diseases. The natural course of cancer, a neoplastic disease, is often fatal. Cancer cells exhibit the properties of invasion and metastasis, and are highly anaplastic [1a] . Black pepper (P. nigrum L., family Piperaceae) is widely used in folk medicine. P. nigrum can be used not only to relieve digestive system symptoms such as diabetic, diarrhea and indigestion, but also for the treatment of respiratory system problems such as colds, fevers, and asthma [1b-d] . Anticancer bioactivities of black pepper can be attributed to a wide spectrum bioactivities. Many researchers investigated the anticancer bioactivities of pure compounds from P. nigrum, especially piperine [1e-g]. Piperine, the major chemical constituent of P. nigrum, showed anticancer properties in lung cancer, where it suppressed the expression and secretion of matrix metalloproteinase 9 (MMP 9), decreasing the activation of nuclear factor κB (NF-κB) and activator protein 1 (AP-1) transcription factors NF-κB and AP-1 leading to inhibition of invasion and metastasis of HT-1080 cell [1h-j] . Pellitorine showed strong cytotoxic activities against the human promyelocytic leukemia cell line, HL-60, and the breast cancer cell line, MCF-7, with IC 50 values of 13.0 and 1.8 µM, respectively [1k]. Chabamide could inhibit proliferation and induce cell death by activating both apoptosis and autophagy in K562 human leukemia cells [1l] . Encouraging results from all these studies prompted us to investigate the cytotoxic activities of isolated compounds from P. nigrum in the Hela, HL-60, and MCF-7 cancer cell lines.
Chemical investigations of the dried fruits of P. nigrum using efficient separation techniques led to the isolation of sixteen compounds (1−16), which were identified as 4,5-dihydropiperine (1), piperine (2), piperolein A (3), pipersintenamide (4), dihydropipernonaline (5), (2E,4Z,8E)-N-[9-(3,4-methylenedioxy-phenyl)-2,4,8-nonatrienoyl]-piperidine (6), trichostachine (7), piperamide C9:1 (8E) (8), isopiperolein B (9), retrofractamide A (10), guineensine (11), retrofractamide B (12), 4,5-dihydroguineensine (13), piperchabamide D (14), chabamide (15), and 3,4-methylenedioxycinnamaldehyde (16) by comparing their spectroscopic data with those reported in the literature [2a-2m] (Figure 1) . In this study, cancer cells (Hela, MCF-7, and HL-60 cell lines) were seeded in 96-well plates at a density of 1 × 10 5 cells/mL, then incubated for 3h, and were treated with sixteen isolated compounds (1−16) at a concentration of 100µM. The inhibitory process was assessed by using the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay according to Mosmann [3a] . Figure 2 showed the survival rates (%) of treated cancer cells. Compounds 6, 9, 10, 11, 12, 13, 14, 15, and 16 were shown to decrease the cell viability of Hela cells by over 50%, while the other compounds did not affect survival ( Figure 2A ). Compounds 6, 9, 10, 12, 14, 15, and 16 were shown to decrease the cell viability of the MCF-7 cell by over 50%, while the other compounds did not affect survival ( Figure 2B ). As shown in Figure 2C , only compound 1 was not shown to decrease the cell viability from HL-60 cell by over 50%. Therefore, compounds shown to decrease the cell viabilities of cancer cells by over 50% were treated with adriamycin at various concentrations (1, 5, 10, 25, and 50 µM) as the positive control. Compounds 6 and 16 were inactive against Hela and MCF- (11) 2018 Ngo et al.
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7 cell lines, but displayed cytotoxic activities against the HL-60 cell line, with IC 50 values of 26.9 ± 2.2 and 21.1 ± 1.6 µM, respectively. Compound 10 revealed cytotoxic activity against Hela and MCF-7 cell lines, with IC 50 values of 49.8 ± 4.1 and 36.9 ± 4.8 µM, respectively, but was inactive against HL-60 cell line. Compound 11 was regarded as inactive against MCF-7 and HL-60 cell lines, but displayed weak cytotoxic activity against the Hela cell line, with an IC 50 value of 40.4 ± 1.5 µM. Compounds 13 and 14 were inactive against the MCF-7 cell line, but showed cytotoxic activity against the Hela cell line, with IC 50 values of 22.1 ± 2.3 and 41.0 ± 0.6 µM, respectively. It also displayed weak cytotoxic activity against the HL-60 cell line, with IC 50 values of 51.6 ± 5.0 and 54.4 ± 0.3 µM, respectively. Compound 12 revealed cytotoxic activities against Hela, MCF-7, and HL-60 cell lines, with IC 50 values of 23.1 ± 4.8, 55.7 ± 5.7, and 51.4 ± 1.2 µM, respectively. Also, compound 15 revealed cytotoxic activities against Hela, MCF-7, and HL-60 cell lines, with IC 50 values of 26.9 ± 1.4, 36.0 ± 2.0, and 16.0 ± 2.6 µM, respectively, while the other compounds exhibited no cytotoxic activity (Table 1 ). In comparison, adriamycin gave IC 50 values of 1.10 ± 0.09, 0.44 ± 0.08, and 0.03 ± 0.01 µM against Hela, MCF-7, and HL-60 cells, respectively. The above-mentioned data shown the potential of amino-acid ester conjugates of piperine as anticancer agents against various cancer cell lines (Hela, [3b]. Compound 6 having eight carbons between 3,4-methylenedioxyphenyl and piperidine amide showed the potency compared to compounds 1, 2, 3, and 4 having less than eight carbons showed no cytotoxic activity. It indicates that the eight-carbon chain between the 3,4-methylenedioxyphenyl and piperidine amide can confer a potent inhibitory effect on cancer cells. On the other hand, the (Z) geometric isomer might exert some influence on decreasing viability of cancer cells, as compound 6 displayed cytotoxic activity against HL-60 while (E) geometric isomer 5 showed no inhibitory effect on cancer cells. In addition, compounds 10, 11, 12, 13, and 14 possess an isobutyl group instead of a piperidinyl group. These results revealed the increasing potential of compounds containing the isobutyl group as anticancer agents against cancer cell lines. Compound 15, named chabamide, a dimeric alkaloid, which probably increase the activity of this compound [1h,3c] . Hence, this compound could be a useful anticancer agent. Based on these results, several alkamides from P. nigrum could be promising candidates to decrease viability of cancer cells. 
Compounds
Cytotoxicity (IC 50 , µM a ) Hela MCF-7 HL-60 1 >100 >100 >100 2 >100 >100 >100 3 >100 >100 >100 4 >100 >100 >100 5 >100 >100 >100 6 >100 >100 26.9 ± 2.2 7 >100 >100 >100 8 >100 >100 >100 9 >100 >100 >100 10 49.8 ± 4.1 36.9 ± 4.8 >100 11
40.4 ± 1.5 >100 >100 
Extraction and isolation:
The dried fruits of P. nigrum (1 kg) were extracted with MeOH (3×2 L). After the solvent was evaporated under reduced pressure, the crude MeOH extract (100 g) was suspended in distilled water (0.5 L) and extracted with CHCl 3 . The CHCl 3 extract was evaporated in vacuo, yielding 35 g of residue.
The residue was subjected to column chromatography (CC) over silica gel (n-hexane: acetone, 9: 1 → 0: 1) to yield 9 fractions (PN1 ~ PN9). Fraction PN4 (210.4 mg) was further fractionated by silica gel CC (CHCl 3 : acetone, 8: 1) to yield isopiperolein B (9, 51.2 mg). Fraction PN5 (150.9 mg) was subjected to RP-C 18 CC (MeOH: H 2 O, 1: 1) to yield 3 (5.8mg), 6 (3.9 mg), and 13 (12.3 mg). The fractions PN6 ~ 8 were re-crystallized from acetone to yield whitish crystalline needles of 2 (13.30 g). After removing piperine from the combination of fractions PN6 ~ 8 by re-crystallization, the residue (10.55 g) was chromatographed over silica gel CC (n-hexane: acetone, 9: 1) to obtain 15 sub-fractions. Sub-fraction PN6.2 (253.4 mg) was subjected to RP-C 18 CC (MeOH: H 2 O, 1: 1) furnishing 1 (15.8 mg) and 5 (7.2 mg). Subsequently, fraction PN6.2.16 (58.4 mg) was further chromatographed on a RP-C 18 column (MeOH: H 2 O, 1: 1) resulting in the isolation of 4 (3.3 mg), 12 (3.3 mg), 14 (2.9 mg), and 11 (12.0 mg). Fractionation of PN6.3 (1.67 g) by silica gel CC (CHCl 3 : EtOAc, 40: 1) produced 16 sub-fractions. Fraction PN6.3.5 (14.1 mg) was purified by preparative layer chromatography (n-hexane: acetone, 9: 1) to obtain 16 (3.6 mg). Fraction PN6.3.8 (557.5 mg) was fractionated by silica gel CC (nhexane:acetone, 20: 1) to yield 10 sub-fractions. Sub-fraction PN6.3.8.6 (132.7 mg) was further purified by RP-C 18 CC (MeOH:  H Cytotoxic activity: The cytotoxic activity assay was carried out using the MTT assay according to Mosmann. Hela, MCF-7, and HL-60 cells were cultured in Dulbecco's modified Eagle's medium (RPMI)/F-12 with 15 mM HEPES buffer, ʟ-glutamine, and pyridoxine hydrochloride supplemented with 10% fetal bovine serum and 1% penicillin-streptomycin in a 96-well plate at a density of 1 × 10 5 cells/mL. After 3h for reaching confluence, the cells were treated with the compounds. The compounds were dissolved in dimethylsulfoxide (DMSO) and the final concentration of DMSO was 0.1% (v/v). Firstly, sixteen isolated compounds were treated at concentration of 100 µM. DMSO (0.1%) was used a control. The experiment was allowed to proceed for 48 h at 37°C in a humidified 5% CO 2 atmosphere. To minimize the interference of supernatant residue, the adherent cells were washed twice with Dulbecco's phosphate buffered saline (DPBS), and then 20 µL of MTT stock solution (5 mg/mL) was added to each well and the plates were further incubated for 3 h at 37°C. DMSO (100 µL) was added to each well to solubilize the water-insoluble purple formazan crystals. After 1 h, the absorbance was measured at 570 nm with a microplate reader. The 50% reduction in cell number relative to the control was estimated visually. After calculating the cell viability (%), compounds shown to decrease the cell viability from cancer cells by over 50% were treated at various concentrations (1, 5, 10, 25, and 50 µM) with adriamycin as the positive control. Various concentrations of the compounds were prepared with serial dilutions. DMSO (0.1%) was used a control. The experiment was also allowed to proceed for 48 h at 37°C in a humidified 5% CO 2 atmosphere. Also, later steps for experiment were repeated by the same protocol when treatment at concentration of 100 µM. Adriamycin was used as a commercial standard anticancer agent, too. The 50% reduction in cell number relative to the control or IC 50 was estimated visually.
Statistical analysis:
Values are expressed as mean ± SD.
